In this article, we describe a long-non-coding RNA (lncRNA) and disease association database (LncRNADisease), which is publicly accessible at
INTRODUCTION
A surprising finding in human transcriptome analysis is that protein-coding sequences only account for a small portion of the genome transcripts (1) . The majority of the human genome transcripts are non-coding RNAs, in particular, long-non-coding RNAs (lncRNAs) (2) . Normally, lncRNAs tend to be less conserved across species and often show low expression levels and high tissue specificity (3) (4) (5) . Thus, at the time they were first found, lncRNAs were often considered to be transcriptional noise (5) . In recent years, accumulating studies have revealed that a number of lncRNAs are not transcriptional noise but have important functions, for example, affecting gene transcription, targeting RNA polymerase II, regulating splicing and taking part in epigenetics (6) . Moreover, according to the theory of competing endogenous RNA (7) , lncRNAs may functionally interact with a broad range of RNA molecules through competitively binding with microRNA (miRNAs), suggesting that lncRNAs may have critical roles in a wide range of biological processes. Previous studies produced a large amount of lncRNA-related data, including sequences, expression profiles and functions. Therefore, arranging and annotating these data are important to better understand lncRNAs. Several databases for lncRNAs indeed provide helps in studying lncRNAs (8) (9) (10) . For example, NRED is a database for lncRNA expression data (10) . The lncRNAdb database provides detailed lncRNA information, including sequences, functions, expressions, associated proteins and cellular locations (8) . Although the NONCODE database is not specific to lncRNA, it curates the sequences, functions, expressions and cellular location of lncRNAs in the third version (NONCODE v3.0) (9).
More recently, researchers have attempted to understand the relationships between lncRNAs and diseases. Studies have reported that lncRNA dysfunctions are associated with a broad range of diseases (5), including cancers (11), cardiovascular diseases (12) and neurodegeneration diseases (13) . For example, lncRNA PCA3 is a highly prostate cancer-specific molecules and a PCA3 score has the potential to be a biomarker for prostate cancer aggressiveness (14) . The up-regulation of the lncRNA HOTAIR is an independent prognostic factor of tumor recurrence in hepatocellular carcinoma patients after liver transplantation (15) . A study confirmed the high specificity and sensitivity of lncRNA UCA1 from urinary sediments in the diagnosis of bladder cancer, suggesting that UCA1 is a potential biomarker for bladder cancer diagnosis (16) . Godinho et al. (17) revealed that the lncRNA BCAR4 can be a potential target for antiestrogen-resistant breast cancer treatment because its forced expression in breast cancer cells leads to cell proliferation in the presence of various antiestrogens and in the absence of estrogen. The above studies indicate that lncRNAs may help to understand diseases and help to find potential molecules in disease diagnosis, treatment and prognosis. Therefore, the study of lncRNA-disease associations is becoming one of the most important topics of lncRNAs and diseases. For this reason, a high-quality lncRNA-disease association database will be helpful in studying the roles of lncRNAs in diseases but is still not available. To build such a database, we manually curated lncRNA-disease relations experimentally reported in the literature and created a database, LncRNADisease. We included detailed annotation information for each entry. Moreover, we curated and annotated experimentally supported lncRNA interacting partners. In addition, we developed a bioinformatic method to predict novel lncRNA-disease associations and integrated this method and its predicted results into the database.
DATA SOURCES AND IMPLEMENTATION
First, we downloaded PubMed data, information on non-protein-coding RNA genes, and data on genePubMed associations from the National Center for Biotechnology Information. Second, we curated the data manually and retrieved lncRNA-disease pairs. All lncRNA-disease pairs were double-checked by different researchers. Hyperlinks to the original articles in PubMed database were provided. We also annotated the sequence and species information. We further normalized the names of lncRNAs and diseases. In total, we curated 166 diseases, of which cancer (39.8%), cardiovascular disease (10.8%) and neurodegeneration disease (8.4%) were the top three classes ( Figure 1A ). Moreover, we provided detailed descriptions for the associations of lncRNAs and diseases and curated the dysfunction type for each entry. For example, if an entry's dysfunction evidence is derived from expression data, the dysfunction type of this entry will be considered as 'Expression'. The distribution of the dysfunction type is shown in Figure 1B . Aside from lncRNA-disease association data, we also curated experimentally supported lncRNA interactions and cataloged the interactions according to the interacting molecules and the characteristics of the interactions. For example, at the RNA level, lncRNAs may interact with proteins (18), RNAs (19) , lncRNAs (20) and miRNAs (21) . Their interactions may be binding, regulation and co-expression. At the DNA level, promoters of lncRNA genes may bind with transcription factors (TFs) and be regulated by TFs (22) .
All data were organized in the 'LncRNADisease' database using SQLite, a lightweight database management system. The website was developed based on Django, a Python web framework. The database is available at http://cmbi.bjmu.edu.cn/lncrnadisease.
PREDICTING NOVEL LNCRNA-DISEASE ASSOCIATIONS
LncRNADisease was designed not only as a resource for experimentally supported lncRNA-disease association data, but also as a platform for predicting novel lncRNA-disease associations. In this study, we present a method to predict novel lncRNA-disease associations based on the genomic context of a given lncRNA. We previously showed that miRNAs located closely to each other in the genome (particularly miRNAs within 2 kb) and tend to be associated with similar diseases (23, 24) . Here, we investigated whether or not lncRNAs tend to be associated with a similar disease as their genomic neighbor genes. Thus, we identified the protein-coding genes and miRNAs within 2 kb nts of any lncRNA with reported disease associations. We then identified the lncRNAs with the same associated disease as the neighbor genes/miRNAs. We found 33 lncRNAs associated with the same disease as their neighbor genes/ miRNAs. To evaluate the significance, we randomly re-permuted the disease associated with the lncRNAs for 10 000 times and counted the number of lncRNAs associated with the same associated disease as their neighbor genes/miRNAs. As a result, none of the counts was greater than 33 and the expected number was 9, indicating that lncRNAs and their neighbor genes/ miRNAs tend to be associated with the same disease (P < 1 Â 10 À4 , randomization test; Figure 2 ). This result suggests that we can predict potential-associated disease for lncRNA through the disease associated with its neighbor genes/miRNAs. Based on the above observation, we developed a tool to predict novel lncRNA-disease associations and identified potential-associated diseases for all lncRNAs identified in the human genome using this tool. Finally, we integrated the tool and the predicted results into the LncRNADisease database.
QUERYING THE DATABASE
We provide users several ways to query the LncRNADisease database. First, users can browse the LncRNADisease by lncRNA names or disease names. When clicking one lncRNA or disease in the 'Browse' page, LncRNADisease will return a list of matched entries. Second, we provide a 'fuzzy search' function for the entries by the full or partial names of lncRNAs or diseases in the 'Search' page. The 'Search' is case insensitive. We also provide a page for tools to predict novel lncRNA-disease associations. Moreover, all data in the database, including lncRNA-disease associations, predicted lncRNA-disease associations and lncRNA interactions, can be downloaded. The users can also submit novel data into the database. In addition, a detailed tutorial for the usage of the database is available in the 'Help' page.
FUTURE EXTENSIONS
The LncRNADisease database represents the first step in this project. Further extensions will be developed. The LncRNADisease database will update the experimentally supported lncRNA-disease association data every 2 months. Meanwhile, some new tools for analyzing lncRNA-disease association data is being developed and will be integrated into the LncRNADisease database in the future. For example, we are developing expression profile-and interacting partner-based methods to predict novel lncRNA-disease associations and expect to integrate these methods into the database in the near future.
DISCUSSION AND CONCLUSION
Increasing studies have shown that lncRNAs have important functions and are associated with a broad range of diseases. LncRNAs are becoming novel potential molecules for disease diagnosis, treatment and prognosis. In this article, we describe an lncRNA and disease association database, LncRNADisease. The LncRNADisease database integrated several types of data, such as experimentally supported lncRNA-disease association data, experimentally supported lncRNA interaction data and predicted lncRNA-disease association data. Moreover, we developed a bioinformatic method to predict potential-associated disease for a novel lncRNA based on its genomic context and integrated this method into LncRNADisease.
The important roles of lncRNAs in disease are attracting more biomedical researchers. Therefore, more experimentally supported lncRNA-disease associations are expected to be published in the future and these data will be integrated into the LncRNADisease database. More importantly, although thousands of lncRNA have been identified, only a limited number of lncRNAs have been reported to be associated with diseases. It is increasingly needed to predict potential-associated diseases for lncRNAs through bioinformatic methods. Therefore, another major aim of LncRNADisease is to develop and integrate more bioinformatic methods for analyzing and predicting lncRNA-disease associations. Finally, we believe that LncRNADisease is useful for the studies of lncRNAs and diseases, and will provide more helps in this topic when it integrates more data and tools in the future. 
